Abstract: An efficient and ultrasound-assisted route to the synthesis of arylidene malononitriles/methylciano-or ethylciano acetates in a onepot reaction catalyzed by silica sodium carbonate nanoparticles (SSC NPs) is described. In this reaction, SSC NPs demonstrated high efficiency as catalyst to obtain target products. By this achievement, a wide range of α,β-unsaturated compounds as Knoevenagel condensation products with good to excellent yields are obtained from reaction between numerous arylaldehydes, and malononitrile, methyl cianoacetate or ethyl cianoacetate. Target products which prepared in high yield and high purity can be candidate as important biologically active molecules. This method is an easy, cheap, rapid and highly efficient for the synthesis of desired products. In addition, capability of catalyst to separate from reaction mixture and reuse in further runs and being compatible with green chemistry are considered as other advantages of this procedure. All products were deduced from their FT-IR and FT-NMR spectroscopic and elemental analysis data.
INTRODUCTION
LEFINS, also called alkenes, are very important class of organic compounds that numerous natural products, herbal medicines and significant pharmacological active compounds such as vital, essential and necessary drugs may be classified into their category. [1] [2] [3] Furthermore, olefins can be found in chemical structure of α,β-unsaturated compounds. Up to date, numerous medicines and natural products have been recognized that belong to α,β-unsaturated compounds. [4, 5] One of the organic reactions which lead to obtain α,β-unsaturated compounds is Knoevenagel condensation reaction. [6] [7] [8] So far this reaction extensively has been applied to the synthesis of a wide range of organic and biological active compounds. [9, 10] Also, this reaction has sometimes been used to evaluate strength of different solid basic catalysts considering the fact that pKa value of active methylene compounds are about to 9-11. [11] Knoevenagel condensations have attracted much interest by chemists and pharmacologists. Its reason may be related to importance of this reaction in organic synthesis and chemical industries. Over the past few decades, several methods have been proposed and developed by chemists for Knoevenagel condensation reactions. For instance, running the reaction in the presence of Lewis acids or bases, [12, 13] ionic liquids, [14] green solvents, [15] microwave assistance, [16] ultrasound irradiation, [17] solid-phase reactions, [18] grinding methods, [19] solvent-free microwave assisted conditions, [20] and using biocatalysts, [15, 21] organocatalysts [22] or polyoxometalates [23] could be countered as these methodologies. Furthermore, there are a few reports that have been applied to Knoevenagel condensation under different conditions including continuous flow synthesis, [24] or fluorous biphasic system. [25] Nevertheless, the attempts to find and propose new and efficient protocols to Knoevenagel condensation reaction have been continued by chemists because all above mentioned techniques tolerate some drawbacks such as use of expensive and nonrecyclable catalysts, harsh thermal conditions, use of toxic solvents and catalysts, non-compatible with green chemistry aspects, not economically viable, and long reaction times. [7, 8, 26] So far various attempts and evaluations on biological and pharmaceutical activities of α,β-unsaturated compounds formed from Knoevenagel condensation reactions have been performed. For instance there are several reports that demonstrate these compounds could be considered as anti-nociceptive agents modulating the TREK-1 channel, [27, 28] inhibitors of 12-Lipoxygenase, [29] new group of fungicidal and acaricidal agents, [30] a new class of antagonists at the glycine site of the NMDA receptor, [31] an ingredient in sunscreens and cosmetics, [32] herbicidally active compounds, [33] and also a therapeutic agent for diseases of the circulatory system. [34] Also the importance of Knoevenagel condensation products can be more realized by considering to the fact that some of these molecules have been recognized as molecular rotors [35] which were subjected to 2016's noble prize awarded to Sauvage, Stoddartand, Feringa for their design and production of molecular machines. These disclosed properties encourage chemists and pharmacologists to design and synthesize of newly prepared molecules exhibiting pharmacological and biological activities which may be applied in treatment of human diseases as new medicines in the future. [9, 10, 36] Recently, solid supported catalysts have attracted significant interest because of their unique advantages including easy separation from the reaction mixture and reusability, [37] [38] [39] easy handling and storing, avoiding the generation of residual salts, nontoxicity, low solubility, increasing selectivity of the reactions, and high stability. [40] [41] [42] Very recently a green and recyclable inexpensive Brønsted base prepared and called silica sodium carbonate (SSC) 3, [43] via a cascade two steps method from silica gel (1) and silica chloride 2 (Scheme 1). SSC has several important advantages including environmentally benign, reusability, easy handling, high perdurability, and convenience work-up.
Further to our last studies on the designing new protocols to high efficient catalytic green synthesis of novel organic compounds, [44] and investigation of their biological activities [45] herein we wish to report a highly efficient and practical approach to Knoevenagel condensation reaction between a wide range of arylaldehydes 1 and malononitrile or methyl(ethyl)cianoacetate 2 using SSC NPs as an ecofriendly heterogeneous recyclable catalyst (Scheme 2). In addition, it is notable to mention that in this work by a slight modification on previous reported method, [43] we prepared SSC nanoparticles instead of bulk one and applied it successfully in Knoevenagel condensation reaction (Scheme 2). 13 C NMR spectral data along with elemental analyses (C, H, N). The products were isolated and characterized by physical and spectral data and for known compounds they were compared with authentic samples (Table 2) .
EXPERIMENTAL SECTION

Typical Procedure for the Preparation of SSC NPs
Silica gel 60 (63-200 μm) (15 g) was grinded by a planetary ball mill apparatus under dry milling conditions for 6 h without using any milling additives to obtain a much finer powder. Afterwards resulted finer SiO2 was dried at 120 °C for 6 h. In the next step, dried finer SiO2 (7 g) was added to a 100 mL two necked round bottom flask put previously into an ice bath. Then, thionyl chloride (28 mL) was added dropwise to the flask (caution). One of the flask's necks was connected to a pot of water by a hose for smoking out of produced HCl(g). When the addition of thionyl chloride was completed, the other flask's neck was connected to a reflux condenser and it was allowed to the reaction mixture to stir for 0.5 h at room temperature and then for 48 h under reflux conditions respectively. Afterwards, the reaction mixture was cooled to room temperature and filtered to obtain silica chloride. In second step, obtained silica chloride (5 g) which was previously dried at 120 °C for 6 h was added to a stirred 100 mL round bottom flask containing sodium bicarbonate (5 g) and dry n-hexane (20 mL) under reflux conditions. After enough time passing (24 h), the reaction mixture was filtered to separate the catalyst. Then to remove the remaining sodium bicarbonate, the catalyst was washed with 5 mL of distilled water for ten times (10 × 5 mL) so the filtrate was neutral. Finally the catalyst was dried at 90 °C for 6 h and then was grinded again by a ball mill for 1 h to obtain SSC NPs.
General Procedure for the Preparation of Corresponding Aldehydes 1
Corresponding aldehydes containing alkylamine ethers was synthesized according to the procedure reported in the literature, [45a] and all structures were confirmed by comparison with their physical and chemical data reported in literature. Also p-benziloxybenzaldehyde derivatives were prepared by treated with 4-hydroxybenzaldehyde with appropriate benzylchloride/bromide derivatives in the presence of K2CO3 as catalyst. The physical and chemical properties of all obtained substrates were compared with the ones reported in literature and all of their structures were confirmed. [46] Typical Procedure to the Synthesis of 3c
4-morpholinobenzaldehyde (1 mmol, 0.191 g) was added to a stirred mixture of malononitrile (1.5 mmol, 0.099 g), and catalytic amount of SSC NPs (0.012 g, 2 mol%) in acetonitrile (10 mL). It was allowed to the mixture to stir at 70 °C under sonication about 25-60 minutes. After completion of the reaction (the reaction progress was monitored by TLC using EtOAc/n-hexane (1:1) as eluent), the reaction mixture was filtered to separate precipitate. Next, the precipitate was dissolved in boiling ethanol and then was filtrated to separate catalyst. Finally, pure crystalline product was obtained from filtrate. Since the catalyst is reusable, at the end of the reaction, it was washed by boiling methanol three times (3 × 2 mL), dried at 90 °C for 2 h and re-used in further cycles. Also, in the following, we explain more details about reusability results of the catalyst on model reaction. 
Representative Spectral Data
RESULTS AND DISCUSSION
Silica sodium carbonate nanoparticles were synthesized by a slight modification of the solvothermal reported method. [43] The FT-IR spectrum of SSC NPs are exactly same as what reported in the literature [43] and strongly confirm the catalyst's structure. It should be mentioned that all important peaks centered at 3426, 1626, 1453, 1082, 880, 797 and 468 cm −1 are obviously seen in the FT-IR spectrum of SSC NPs (supplementary materials). The morphology of SSC NPs was studied by scanning electron microscopy (SEM) (Figure 1 ). SEM image of SSC NPs shows the silica sodium carbonate nanoparticles have a diameter of about 30 nm without any amorphous or other kinds of crystallized phase particles. In addition, the transmission electron microscopy (TEM) image of silica sodium carbonate nanoparticles was studied for more investigation of SSC NPs morphology (Figure 2 ). TEM image of SSC NPs clearly demonstrated the SSC NPs have a homogeneous diameter size about 30 nm.
In another investigation, to quantify the exact amount of the sodium carbonate groups attached to the silica, the catalyst was titrated with HCl (0.01 N). Considering to the molecular weight of CO 3Na (83 g), the results demonstrated that 0.006 g of SSC NPs was equivalent to 0.01 mmol CO3Na. In other words, 0.006 g of catalyst is containing 1 mol% of CO3Na group.
Also it is interesting to note that the reproducibility of the SSC nanoparticle synthesis when considering the percentage of the attached sodium carbonate groups was very good so that titration results with HCl (0.01 N) for reproduced catalysts were very close to previous one. From titration results on reproduced catalysts, it could generally be concluded that 0.006 g of catalyst was equivalent to 0.01 mmol CO3Na.
Before starting to develop reaction scope by the use of numerous arylaldehydes and malononitrile derivatives, it was tried to find best condition to obtain products with highest yield in shortest reaction time on model reaction (compound 3a) and the results were summarized in Table 1 .
First of all, the reaction was loaded in catalyst-free conditions. It was observed that no remarkable product was obtained in absence of catalyst. Among examined solvents, target product was obtained with more yields in the presence of acetonitrile. In addition, the application of sonication significantly leads to increase of reaction yield. As well as, the use of SSC NPs instead of SiO2 or SSC bulk resulted to remarkably increase of reaction yield. As can be seen from Table 1 , among investigated of different conditions, using SSC NPs (2 mol%) under sonication irradiation at 70 °C was selected as the best condition to obtain products with highest yields.
After finding the optimum conditions for reaction performance, the generality of the reaction was examined by the use of a wide range of arylaldehydes and malononitrile or methyl/ethyl cianoacetate in the presence of optimum amounts of SSC NPs as green, highly efficient and recyclable nano-catalyst, and the results were summarized in Table 2 . [47] [48] [49] [50] Croat. Chem. Acta 2018, 91(1), [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] As can be seen from Table 2 , all products bearing both electron donating/withdrawing groups on arylaldehyde rings under optimum conditions resulted to obtain compound 3 with excellent yields. Also it may be noticed to the reports on Knoevenagel condensation reactions catalyzed by some standard commercially available mesoporous silica such as functionalized MCM-48 or SBA-15. [51] However MCM-48 or SBA-15 themselves are not as efficient as SSC NPs in Knoevenagel condensation reaction but when they would functionalize by amino groups or ionic liquids they can almost act as good as SSC NPs in above condensation reaction. However commercial samples of MCM-48 or SBA-15 are rather expensive than SSC NPs which it is indeed the significantly lower cost catalyst than MCM-48 or SBA-15.
Reusability of the Catalyst
Because of the capability of catalyst to reuse makes it industrially and economically considerable and can be considered as one of the noteworthy aspects of this methodology, the capability of SSC NPs to reuse was evaluated on model reaction and the results were given in Figure 3 . This investigation reveals that SSC NPs can efficiently catalyze the reaction up to six times without significant loss of activity.
CONCLUSION
In summary, an efficient nano-catalytic approach to the synthesis of newly prepared arylidene malononitriles or methy/ethyl cianoacetates was described by the use of SSC NPs as a highly efficient nano-catalyst. By this achievement some novel products were obtained which can be candidate as medicinally important compounds or even important drugs in the future. Therefore, this methodology can attract the interest of chemists, biologists and pharmacologists in the future. In addition, a new application of SSC NPs as a green, highly efficient, reusable, and easily handled nano-catalyst to the synthesis of novel organic compounds was successfully examined. All products were isolated in excellent yields, and the catalyst efficiently recovered and successfully reused in further cycles. (160-161) [47] 3b Yield (b) (185-186) [48] 3c Yield (b) (145) [49] 3n Yield (b) (not reported) [50] 3o Yield (b) (123-125) [48] 3v Yield (b) (not reported) [50] 3w Yield (b) (not reported) [50] 3x Yield (b) 
